Purpose: In this case study, a world-class rower was followed over a period of 15 y in which he evolved from junior to professional athlete. Methods: An incremental exercise test and a 2000-m ergometer test were performed each year in the peak period of the season starting at the age of 16 y. In addition, the training logs of 1 y each as a junior and a senior rower were recorded and analyzed. Results: Maximal oxygen uptake (VO 2max ), maximal power output (P max ), and power output at 4 mmol/L blood lactate concentration increased until the age of 27 and then stabilized at 30 y at 6.0 ± 0.2 L/min, 536 ± 15 W, and 404 ± 22 W, respectively. At the age of 27-28 y the rower also had a career-best 2000-m ergometer test (5′58″) and on-water performance with a 4th place at the Olympic Games (2008) in Beijing and World Championships (2009). At the age of 23 y, the rower trained a total of 6091 km in 48 wk. Of the total training time, 15.4% consisted of general training practices, 23.4% resistance training, and 61.2% specific rowing training. Conclusion: The on-water performance in the World Championships and Olympic Games corresponded closely to the evolution in the rower's physiological profile and 2000-m ergometer performance. The long-term build-up program resulted in an increase in the physiological parameters up to the age of 27 y and resulted in a 4th position at the 2008 Olympic Games at a body mass of only 86 kg.
Rowing is a strength-endurance sport lasting 6 to 8 minutes in which anthropometric parameters and both aerobic and anaerobic power have been identified as strong predictors of rowing performance. [1] [2] [3] [4] [5] Longitudinal studies in which elite athletes are followed over a multiyear period can provide important insights into the domain of talent identification and development of performancerelated parameters. In the current study, a world-class single-sculls rower was followed over a 15-year period (age 16-30 y) between 1997 and 2012. To our knowledge this is the first study in which the development and training history of an elite athlete (ie, a world-class rower in single sculls) is reported from adolescence to the end of his professional career.
Methods

Participants
The participant provided informed consent to use the physiological and training data in this case presentation. The study was approved by the medical ethics committee of Ghent University Hospital (Belgium). The participant (born in 1982) had an international career spanning 1997-2012 with a sixth and fourth place at the Olympic Games in Athens (2004) and Beijing (2008), respectively, and a fourth place at the World Championships in 2009 as main achievements.
Physiological Profile
The anthropometric measurements and incremental rowing test were performed once each year (except in 1998, 2000, and 2002) in the peak period of the year. Height (± 0.1 cm), body mass (± 0.1 kg; Seca-balance), and percentage body fat (based on skinfold thickness at 10 locations) of the participant were determined. 6 The incremental rowing test was performed on a Concept II (model C, Morrisville, VT, USA) rowing ergometer. The test consisted of stages of 3 minutes, separated by rest periods of 30 seconds during which blood samples were taken from the finger for measurement of blood lactate concentration ([La]) using a lactate analyzer (1500 Sport, YSI Inc, Yellow Springs, OH, USA). The work rate of each stage was determined by setting out a directional time over 500 m that decreased with 5 seconds each step. When the [La] increased above 4 mmol/L the rower had to perform a final all-out stage, again for 3 minutes. Gas exchange was registered breath by breath by means of a metabolic measurement system (Jaeger Oxycon Pro, Hochenhausen, Germany) and averaged in 30-second intervals. VO 2max was set as the highest 30-second value obtained during the test.
[La] was expressed as a function of work rate and VO 2 , and the work rate (P La4 ) and VO 2 (VO 2La4 ) at [La] of 4 mmol/L were determined by means of linear interpolation. VO 2La4 was expressed relative to the VO 2max . The mean work rate during the final all-out step was considered maximal aerobic power (P max ).
A 2000-m ergometer test in which the rower had to perform a maximal 2000-m effort was conducted each year in February or March, 2 weeks before the start of the international rowing season.
Training History
During the athlete's development from junior to professional senior athlete, he followed the long-term build-up program developed in 1988 (and revised in 2001) 7 by the scientific committee of the 
Results
Physiological Profile
The rower had a mean height of 1.84 m. His body mass increased progressively from 65.0 kg at the age of 16 years to 85.9 kg in 2009 (at the age of 28 y; Figure 1 [a]). His mean percentage body fat was 10.6% ± 1.0% and ranged from 9.0% to 12.2%. The rower's 2000-m ergometer time decreased progressively from 6′51″ at the age of 16 years to 6′02″ at the age of 26 and stabilized in the following years ( Figure 1[d] ). His peak performance was 5′58″, in 2009.
Training Data
In Table 1 the training logs for the year as a junior and the year as a senior rower are presented. The contribution of the training volume in intensity zone I was maintained at 93% of total endurance-training duration. In the senior year the volumes in zones III and IV were higher, whereas in the junior year a higher contribution was spent in zone II. 
Discussion and Practical Applications
Previous research on the anthropometric profile have shown that elite rowers generally have a height of 1.89 to 1.95 m and a body mass of 90 to 93 kg. [8] [9] [10] In comparison with the average of the other single-sculls rowers in the finals of the 2008 Olympics, the rower in the current study was 10 to 12 cm shorter and 10 kg lighter. Therefore, the performances of the rower in the current study in World Cups, World Championships, and Olympic Games can be qualified as being exceptional in relation to body dimensions and are probably related to excellent technical skills. The relatively small body dimensions made the rower more susceptible to weather conditions in competition. In conditions of heavy side or head wind, on-water competition performance becomes more dependent on the absolute power that can be produced. The results of the incremental rowing test and the 2000-m ergometer test should also be considered in the light of these anthropometric characteristics.
The VO 2max (6.0 L/min) in our rower is slightly lower compared with previous reported data on world-class rowers. An elite pairoar rower (6.2 L/min), 8 the 2010 world champion in heavyweight quadruple sculls (6.6 L/min), 9 and a 2004 Olympic champion (6.8 L/min) 10 obtained higher VO 2max values than the rower in the current study. Although differences in test period and method might account in part for the lower VO 2max , the small body dimensions of our elite rower provide an important context for the observed differences. Surprisingly, the P max of our rower was equal to or higher than that of the rowers studied by Lacour et al 8 (529 W), Godfrey et al 10 (546 W), and Mikulic 9 (481 W), despite his lower VO 2max . It should be noted, however, that in our study the laboratory tests were performed in the peak period (May to August), whereas in the other studies the tests were performed between December and March.
The rower in the current study performed best between 23 and 28 years of age, and, more specifically, at the ages of 27 (fourth place in the Olympics in 2008) and 28 years (fourth place at the world championships and two third places in World Cups). These highlights in performance in the main rowing championships can be related to the development of the rower's physiological profile, as obtained from the incremental rowing test. At the ages of 27 and 28 years his VO 2max , P max , and P [La]4 reached their peak values. These parameters have been identified as important predictors of 2000-m rowing-ergometer performance and on-water performance, 1-3 which also reached their peak at the age of 27 to 28 years. In contrast to the study of Mikulic, 9 in which VO 2max peaked at 20 years, the VO 2peak of the rower in the current study continued to increase progressively until the age of 27 years. In the study of Mikulic, P max increased despite the leveling off in VO 2 , whereas in the current study P max leveled off before the peak in VO 2max . It should be noted, however, that Mikulic did not report the physiological profile of the elite rowing squad beyond the age of 22 years. In the study of Lacour et al, 8 both VO 2max and P max increased slightly between the ages of 25 and 30 years. In the current study these parameters leveled off at this age. However, Lacour et al also reported that the VO 2 at [La] of 4 mmol/L reached its peak value (100% VO 2max ) in the year in which the rower performed at his best and became world champion in pair-oar. Also in the current study, the VO 2 at [La] of 4 mmol/L increased to its highest value (95.4% VO 2max ) at the Olympics in 2008. These results point out that the development of the 4-mmol/L threshold gains importance to perform optimally as VO 2max and P max tend to level off. It should be noted that the submaximal results (P La4 ) might be (slightly) underestimated compared with other studies due to methodological issues. In the current study the rowing pace was determined by setting out a directional time over 500 m that decreased by 5 seconds in each 3-minute stage. Since there is a cubic relationship between boat speed and power, this protocol will result in an exponentially increasing power pattern (ie, in contrast to the traditional linear increase in power).
The distribution of training volume in the intensity zones indicates the use of the polarized training model, 11 especially as the athlete moved into senior age. This model indicates that a large amount of training in zone I ([La] < 2 mmol/L) is an essential part of a competitive endurance-training program. It has been shown that successful endurance athletes spend little training time in zone II, that is, around the lactate threshold (ie, threshold model). 12 The rower in the current study trained according to the long-term buildup program until 2010. 7 From 2010 to the London Olympics in 2012, however, another coach used different training principles, and training did not correspond to the long-term build-up program. The total rowing distance at low intensities decreased and the focus shifted from maximal strength to strength-endurance training. We speculate that the relative decline in performance at the world championships and 2012 Olympics was a consequence of a relatively poor adaptive response to the change in training methods. These results suggest that continuity in training methods and techniques in a national rowing selection is essential to obtain world-class performance. 
